
............---- --:--- --_.--.-.............._...._---.----~_......__ .... . _filii· - ..~~ - " ....-,
,

0-

.,

...

I

· ~
OJ.

• 1.,

· ,
)
.'

P1c. ,. Wet cbaabo:.· tor
lIt~nc the· blaeler.tr1:-al
actl'dt;r or neural IIptciJDr,n."t

,to

•

1• ..-11. lItateet, re1aU,..~ tfN detild.tl"e in vl110 ID4
..,.ala1.1r (PI vltn: UlYeat1lat1n1lll Oil~ DeUl'al stt.ctl ot Dtr'.
... MeD reported 117 the SoY1.t.. 1b:a1ocloY [10] etudied the etfoct.

"of 1Ilr (1Q)() ,,/a) OD neUl'O~ 1eolatecl "CUOD' or the cerebrurl aad
1Il6ra1n or rabblt.. Exposure cltD'&tlon vas 2-3 JIlD. vlth 2()..-4G-min
!Dtuotw between expoaurea. 1ho10409 C02IPare4 hi. re.ult. v1th the
1doe1e~cel e.ct!."r1t7 ot intact bft.1na am towd tblLt the latent
PR1oc1 ot the reaction ot a neuro~ ilOlate4 cortical epecmen t.o
1IIr vas ~ 860, as oppose4 to " sec tor &I1.1ntact. bralA. 'he tJSP
atterettect duraUoD tor the f'on.r -va aborter (1-' lila) than tor
tile latter (15-20 Jltn). 1ho1qc1o" did DOt speculate vhether these

)i)re recentlT (lul'"ano"'ek17 et al. (9), tbeN il ..,UeDce
that .un turther ref1AeMftt -of the techD1quel tor attdri, tbs- .
1d.oe1ectncal acti"it,. of Mural ~c1JIeAI i. teJdJtc pl&Cf!.l Me
fiI. ,). !bt. P-abaped vet chamber condit. or a th1n, eWI boua
~ tile ..1&e ot which CM be adjusted to contona ~ 1nd.1.,1dual ex
pII'_ntal canUtlon. and problema. The M1n feature at web ..

-." .....1' °1• the frH40la o£ record1Jlc blne blaput.ezrtla111 uo4er
unaa1.1l DOmal, in I1l"Q coul1tiou. III their aperialnta, the
.u.or. usee! vet chUlber. v1t.b~ t011ov1nc cU.nalonal S-- ,lue

. t~ 15 _ 10111 nth 2-. projection. tor the 1aae1't10D ot plat1JlUIII
electrode.. the electrode. are tlchtll t1xeci ill the or1tlce. or .the
r-pro~.ctloll8 &Ill are looped at the end.. The loopi an 2 .. in c11..
-.til' aa1 the diataAce between electrode. 11 S.. !be•••1JIIpq con
~ chabcra parautee CODftar&t electrical contact nth the nerve
ana ... be place4 Il1O. the 01".1 ,.na til..1 conta1A1nc neural epec1mBr,ft.,
S1Dce cl.... to the epec1Jlen can be ....o14ed through the oe ot vet
ell"'1"', &ad 81nce terlll*"ature an4 b"MidiV intesrtt1 are "'UI'ecl
111 tbI Rft'Ouad1D1 ore" 01' ti...., tile proloace4 nab1l1t,' ot neural
atruct.... 1e poea1ble. Vb11. the appllc.Ltioll ot auch· a .,.ata in CC1'O
"... ftlMrch U DOt ..Dtloae4, it .... l1keq that the p1'1Dc1p1e
eo1I14 t1D4 eppllcatlol1 here 1t the 1appI'OPZ'1at. boua1D1 _ter1a1. vere...
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, . Carlows~, there 1, no en4.nc. thatZ-~ baa cont1Dued

",earch lI10ac tbe. line. I1I1ce 1964. BaVftel', anotlktr~~ ,
vb1ch baa :recent~ :receb'ed IDr. attention 11 belne puraWMi b1
helll8ll [12],vlth vbo.I"~1baa, collaborated 1n the put [~].

1 ett.ct. ver. ot a tbwMl or DQAtberul aature an4 thi. c:ou14 DDt
; be ..0C't~ tZ'Oa tbe 11TI41at1oD puo_ter. 4e.c:zo1be4. 8oveYe:r,
. \be "aul of t.!dsl .tf\I!J C"I coDilat.nt nth ot.her, parallel 1A-

Ye.tSpt1&:tu vblah baY. IbovA aeural a:dt.at1oD to be chaZ'ac:ter1etlc
or tbe nlpOftH to mCl"OVa..r .... DO" e. '

" .

.
, '.

i' •

•..'

.\

, ..hap. the beat controUe4 ani! mit 4e1'1n1t1"1' re••arch Oil
. : the tlttec:t. of Id.czo".... on spec1t10 Mural fWlCUO.D8 1s ret1ecte4

SA • nport b1 Yu. I. ~D8U1 [111. vho atud1e4 the functional
nate of the tI'oC De". n. i.ahiaditnlll, c1~ a:polUre to pu1ae4
... coDt.1.mlDu 1o-12.5-c:a va•• (1-11 -It:IIl-). III WI at., be
tirA c1eteml'*' 'the tbel'Dl1 paNMterl of the JI1CJ"OV.' rep-lUI
ue4 aa4 .1.cM4 aD iAtelUJ1t1 of 11 -IJ., vh1eb vas .ratt1ci.nt
to !Den... the t...,.ratun ot tbe neural 8peciMn 117 10C aner aD
apo.... of 20-30 1I1D. fte eft.cta of cont1o.uoua JI1crova.a (12.S dil,

, 11 _I"';', ezponre duration 20 1IlA) 'WI" lItuUe4 1ft the 'lust. HI"1&I'.
!.I' ;0':' III "t.It•. DO nUab1e cbanpl 1D tbnllho14 ,.na1tl.,lt1 "'1'0 aotec:1•
., .•V~~~1."'·· . '!be author 414 IIDte, bovnu, i.DcI'eue4 coa4uct1oD I'&te, tbbNY1ate4
~_ ·"::L·.. "'':': , " ..lute aDd "lat1.. Ntl'acto17 ""1, .. alt.reel action C1IZ'N_
~,:i ''f.~,;':'' .' "'I'l1ta:t., vh1ch he 3\11Sp! to be or a ~hema1 nature.
M~';:~..~.~_..... ".. .. .

~ Most 1Dterellt1nc vel'O hi' test, with pulled mCl"OVlWe' (10 =,
1 "0 p1I1_, 700 pu1ae1/_C, apolure duratioft 20-30 alft). BeN, a
4et1Jd.te here... 1a aeural COnductiOD aa4 ac1tabiUV vu obaert'ld
u4 vu ~QIlp4 '\0 'be a r.,u1t of the _nt.beral (apec1t1c) .tt.ct..
me reaeon tor t.b1. conclusion vaa that at a trequenq of '100 pul••,/aec
(pulse lntenal 1.4 ..c) thel'. vu a _t1011 ot .U':'Al Ihitt.. 'I'M
pa1.M4 Wonsit,. ot re41atlon ben vu 1400 tJMe sreater tban the _an
In.lof 1Ateal1tJ4~ cont1nur:»ua s':rra41at1on. Al_, at tNqaea.c10.
of 100 azd 200 palM./_a, the pulH 1ft""&1 (5-10 ..0) v.. too
pteat to :reAl, 111 _tSon. 'F!na117', the 0.2°0 IDCZ'eue oba"e4

. 1A 8peaDaD ....,.ature durlDc pulled 1:rzoe41at1ol' cou14 DOt apJ..a1D
tbe tiYe- to teDto14 1JlcreMat 1ft coa4uctlon rate error yal•• obo-
talDe4 vheD .,.c1MJl8 VON pbJl1ca111 heated•.•. '!bu, def1ld.te, 1'0
001'4ab1e 8h1tt. 111 .ural ezclt'at1on ve:re ob_"e4 4uri.. pull" '
1o-c. v.. 1zTI41atiol1 vblcb cou14 not be obaerre4 4urilll codlm»WI

, 1z'r.a1atlon. the Z'olu1:t, ot thi. 1II'Ieatlga.t1on euppon t~ v'.d.~

be14 Scrr1et Ylev that pu1ae4 II1crov••• are ere biolol1c~acts'TO (
. ',. .. ·.111 the Ae1II'al RnM tbarI CODtiAUDU (nonpulJled) IIlcrov...... _._"__
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Ia[12] he.. 8t1l!1e4 ta eft.cta or P1.1l8e4 aD4 coat1m»us
112.s-ea v••a Oil the lO-CaUecl ald.t.8b1e .,et. of par..c1a..__

,oal1'18 awroaeb to l"fteaUnc the aoQtba~-ebad_ or Idem
• ett.et. OD IdPer De1D"al st~turel. ~e Ud pr..d.oWl~ demn
at,e4 that. JMIZ'_c1a, vbeA ezpoHd to ...c ~ d-e CUIT.AtI, ex-, 0

W &II "el.ctric lback reaction" (ESt) ~t certain t,brelbold clOMI.
tbia at.., be apoH4 par_d.a ~catecl 1A a poq8tFene ·cbaber· .. ".

with a bq Wue10n u4 attache4 to" the IIlC1'OV"'. C.Cfira1ior +.:.
_s.mlDiU, 12.5-ca v_e~ 111 do... or one pel' ..co~ (do.. d\ll"&tlo~

100 ..c). -n.s.. pv_tor reRlte4 1A & reaction .iJd.1.ar to the
I. ..coad aerie. va apoJe4 to pulled (200-700 pu1.../ ••c) .

o-ca v••• \d.tb '1-SO 1IIC0 4\J1"atlona once per a.coDd. fhS... pazos.-
...NY.aled, tbat the Man.power t.hreabald ya111e. to~ pulled aLCl'O-

... WN Na. than ~or col1t14\»'. -.1.C1'OVa'fe ..&1uel. loa 1n .
~D*IJI. _tab'vltb 1.1-. 1:1'01 Den. ['1], a euau1ati.,e ert.~t vaS .
1IU&e'eZ'1at1o or tbe palae4 1o-c:a v.... It i. 1IlteNatinc to aate .
.~·ued the ...~.X-~ UHCl 1ft 141 experi-. .
• 81JIce both tbeM~. eoUabo¥"ated SA the c1oa1ID ~

..,,._ lor the. De1Ir811J' olieat.t 8tUl!1e., 11. 11 .At1re~ poa.in.
..., ,both ued the ._ b.u'cSV.M. , . .

be..' 8 tb1r4 aaa toarth Hr!e. or 1meatlc&t!.on vere dea1cnec!
aacerla1D vbe"heJt .s.crov&Y'...aa1t1sed par_cia to elec~ri.ca1 cur
l. It. vu tound't-bat, alcrOv.e. dOCl·...e4 the t.breabo14 .,olt.ap

"'1Al7 to ROle. a:n ESR. Tbe aut"'r interpreted the.. results, to
thtr v1t.h tbe 1"act tbat heati. cUd DOt exceed 1.,oC 111 ~ .erle.,
ladlcat. the nonthem&l ettect. ot Id.C1'OVue.. 111, a:rcu-nta agd.rust.

tlllral aplaaUoa or the .-cbaA1_ or the o'..ned alcrovaye eftecta
ft .. toUov8. 1) ..it.tloa \...14 ...&1ues tor pul8e4 8I¥l con

hlDU atOl"OV&'W." ....r. a tunctloA at the qu.edz'at.lc root of the1r clo••
lUntioa or· aer1.8' .. 2)~~ no relatiouhlp 1Mtveellpulaed'
I1aI'4N1boJA power ana trequlacr va noted. Pn.-n vu .atiatiecl that

a NIPZMCh ani , .. data obta1M4 1. ~'b!. ataa, \lOul4 belop to c1ar1tJ-dwa1_~ Id.crovae eftec:t.a Oft ·the -ac1tab1e" (Mural) atrue-
• or Ide- MIMI I. . .

" ..
...,!re~I. nlndta haY. clo.~ pazoal1e1ecS r..nlJeV'., ·despite

, ~~..eAC. 1ft the apec:s..na studied. Sinc. Pre...,. &nrl K"'R~ .
re (or ItJ11 are) C(\Uaboratora, .the a.. ..approaches to the problems
IJft1'al Z'8act1caa to IIlcZ'OVu•• 1:aY. bee ..lo784. aU ot the ..

au.. treated 1D this eeotion, iDc1"'" ftC Pn..... ani JCme~'.,
~q t&fOr 't.be theor.r that tbe _cbaft1_ of JIIlC1'OVQ8 erreet. Oil

'UI"... or neural-Uke .t-nct,ur•• 1s IIODthermal, bue4 Oft aper1JDant@
vIIlcb threshold or mAtherul field inteR.itle. vera il1'le.tlgated.

_ ' Vb11e one .,1It expect that the int..relltlng results or tho studies
u ned. her. ,",1114 le&4 to BD 1ncreaaecl re••arch ettort in thi. area,
~~..~ beeft co recent perceptible 1ner.... in tbe .number or articles

""'I to tb1. problem.
o •
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I.. Ira "d...O Mural ettect,

. - A lazop COlp1emoftt, ot the SoY1et research co-w.tT devoted .
to the neural eftect, ot II1crovcrte-rq. DeF'. hu WI84 a ~" la
41roct approach to the problea. Here, the tQDct10n or beba"liqr or
tbf, vhole 01"1_1_ or partl ot it are .t\ll1e4 dudal the action ot
ftrioua EMF 1rrll41atioA ~terl (local or vbole-'boc17 lnadltltlon).
kt.nal, or tuftctioABl patteru aza. de4uce4 to reflect lntlrD&1
....a1 eft.cta 111 the ".ace of .", irWeltl11lt10n of the neural
.tnct.ure It.1t. A. relude the problea ot clu8J.t7iDI 1I1CZ'OV.e
awral .ttect. lAS the~ 01" nontberal, t.he results ot UIV' 1meat
1c.t iona are doubtful 10 t.~, reapect in"..eh a. the blop!Vs1ca1,
cbalca1, an4 ..eD thermal par_t..a or aUesad DOAtbel--.1 ettect,
1... aot beaA 1a'foIUC&ted. ADo'.r draback ot th1. 1n41rect
1IppIO&C".h 1a the 41tt1culV. (1t aot ab801u~ bp.a1b111t1) ot deter
ldn1nc ~flat 1Iw -= a1C1W•• flDflJ'g bu "acW'''. Deur&1 atl"UC
turea 11l ~atloD. Thil problaa at .....ati"., ~n tnvoltn ""tft)
U ... doa-tq 11 of opeD coaoen to 11II9 SoYiet r.MU'CberI,
Pre..- [5,6,1'l1A p8Z't1cu1ar. !ba ....81 C01\llDIUI 1. that co..
prOeAl!ve research liD WI probt. 1. ab801utelJ DecelPl7 it tbe
.,.clt10 _cJwd._ ot EMF etteeta IN to be rneale4.. Honethel•••,
tbe ~oJ'1tT of So'Y1et re....c1utJ'. ill thie 11.14 reel t.hat the be
barioral ani! hDcUoA&1 approacb to .\IllJ:LmI DO' ettecta i. a valia
ODI 1A that it i, ,oal1b1e to obaone t.1WIda 1ft b10lAlical nlpOftle.
to IMP'. tlbiob c1ear~ cUtter tJ"OIl reeponHs to ot.her, better under
IIt.oo4 atDul1. Tbaz'etore, t.bll ..ction vi1-\ revi"" _ ot the 82re
receDt wrka aupport1al Ws belief.

Aa tar back 1&1 1960, Pr•...-n [1'] conc1u4e4 tbat. "Ezperi.Mntal
1It1l&U•• 1A t.ba SCri1et. Un10n aDd abro..s blne c1H1'~ iD4lcatecl t.bat.,
&]D. with a tbelWJ. .trect 00 thl l1Y1n1 Grlaal-. JIlCl'OVae. aleo
baY•• eo-caUtA ·.,.o1tlo1 eft.ct" (. tara that Pre.. co~ IdJa- C .::
..u). l'uDc\1t.nal abUta •• beeo obaerwe4 in the~u &Ill ...:.... ._
CC'd1cn'aaC1llar -:__, .. wU .. baato1ol1ce1 UIl_tebol1c chaIIcel .
l'8aa1t1lll tr-. dD'on1o e~lUZ'e to 1o-12-ea 1IBP at DOAtbe~ ill-
\eAlitie. or 5-10 _/tJ.. He va caut10. eno. to ~ int. out tb!Lt,

. II1'JIa efteatlYe (medical) appl1cat.loA of a .,.dtlc efteat or _cro
v.... 1. polable o~ it t.bG _chaDi_ of ncb aD ett.ct hae beell
~ eetabl1abed." . . .

. .
It abAu14 be _nt!oned here t.hat aII1 ditte",ellt .s.r.rov&'Ye

reaeanb-orieartecl croup. C'tI actl.....1D We approacb to rneaJ.1ng
\he beJlalora1 &ad twact10na1 _chani_ ot EMF ert.cts. III tact,
iot 1, .ate to •., t.bat !;rpeld.ata (bot.h 1d.l1tU1 an4 ci.,l11ac),
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1IH&!, wbat thet~ par_tors ot the 8pec1Mu lItudlecl vera,
. aDd tbel'8ton, vbetber tbe eftect•. o~~.ez:yed..!fer•.ot a tbenl81 or
DDat,berul D&~,u:re. . ..' ".-. . ". -." . .,. '. . . .:.-...... . . " ...... -..". " .. - ~"

!be nault. of rartel'ber&-81aftk'. atUl\1 are dU'tlca1\ to
1DteIp'et. bever, tile at.1a1ato17 eff.ct ot UBP 011 MUZ'al nne
,... acalD va ob.."_. !b1..... with tbe "IUlta of _.
otter ilrreltllat10u 80 ori.ntec1. . .

I • .

AlDther rllOrptlon 1Ita!7 vu coa1uat.ec)· b, tat..nko (16],.vbo
!DYe8tlaated the eftect. ot a :lD-atn apollUN to 12.6-ca VaT•• (~ V,

.' ID .,a1.•• tor pav.r nux "eDait, or the dlatac. of the PrfJP&1'atlon
fIoa tt. 5-6-CD electrod•• of the "Luch- pnera'or I\...~a) OD the
abaorptlolt ot r841oact1.,e pbu~1'U bJ be..~o1Dt 87aav14 -1:11'..... fbi. tuD.ct1oa va 8tudle4 1n mrMl 'aD''''a eb:l tho. v1tb
.nReeI epJJlal cord.. Ab80rptioll act!.,!t, va toW¥! to incre_
dUl'1Dc tbe action ot UHF. Spinal cord e11Jl1natlol1 aloa, reta1'4ed
abaol'pt1oa, vh11. under t.he eft.ct. of UBr. 81no1'1a1 uaorpt,loD
1DCZ'eaaec!. tatsen1co telt that tM. vu ..,1dence or a direct tJIIl

• :. 'S_ ••

'. 'Irmenated~ p8l't~ 4eo8nate4, ~ eoJIP1e~ 4eoe"a.ted
.,.em.u wre i ••.tis-ted &D:l the re8Ult. vere proceaHd u.dnc •
_tbod at yllZ'1atioa atatllftlc.. 'e,tel1bers-Blam: foUDll that a
te"-'d" gpo... ot the ep1aut.l'all'eg1on to a 7O-Y, 12.6-ca
"..,. tieU d1ct not al.ter 1D'te8t1u1 l1uco. abeorptlon lD • 401
vbo.. IOlar p1eSUI W Mea .11.._teet. He conc1w1ed ~hat 11»
pathetic _"e., tbe IIOlar pluul 1ft particular, partlcipate 1D
• tr....a10:l ot ...crov.... Itt.ct troa the epllutra1. repoll .
to the 14t.eat1aal Nelon. The YllOlIJ1II*tbetlc a,1t•• alao p1l\r. '.
• llUbataatla1 role 1D tbl. r • .,.at.. \IbID "lIOlJIIIPAtbetlc De".a

~lt·, ", '.' .an blocke4 at _ck lftel, ~ .~~adat1nl ett.ct of UHF .cia zoe- .'
~~ ....~~<...: .'. 8OI'pUoA 1. 1JIpe4ec1. Vban.,1Da1 IUlUa an blocke4, URr .upt~
:.~.":" .:~' .' 7 e1ftate. tile level ot Neorptloa but to a le...r deP'" tbaD Well
;~ ':'r:" '.:'. " 'Uae lUlU. an lDf,Ae:t. !be roll ot a1d.1l. receptors v.. 8110 d...
;~"..' . olUltJ'atleJ.~, not oall' per1pheJ'a1 Mural e~Qts ot t.he GI
::~:. :~~.'::.:' vact, 'bd al. central. DlI'NU .oUIll_ vere obMrYed to be
':,"'/:. . ".lI81lt18 :or tru-.t.tt1Dl_ ertecta. Rovner, mace ...
'.' . tddtt. 1Il relO:'PtloD va" ob_nld eftll 1D denel"'fatl4 apec1Mu,

.",.l'bera-Blw propoae4 tbat bumn.'L tactor. an alllO attect.d
", tmr. h aD attempt, to furtbor I'fteal UBI' _ehaD1_, he .".1ecl
cell relP11"at1011 SA t.1Ie sped_c. uS tound that UHP caueed a ab1tt
1D WI funct10n &180. a. llPlcu1atec1 tbat thi. Ill.' be a ntlez·
zoe... (UHr uti. or contl"01lJ.nr neural e~Dt.) or ....14...
of a d1ftct 1JRP ettect on the ClUe.
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Udl\B uotlMr approach to t.he pro~l_ of rn.Unc Id.C1'OVne

. ann1 _c!'.aD1_, Pu1chaY [18] 1men1e-ted the ertecta ot oeuro
tropic dl'uca (caN"e1J!a and .ed1u1) Oft the .,1ab111t7 or Idee exposed
to "--1 (SO .,/t:JIiI-), DOnpu1aed, 12.6-CII v.e. tro. a Luch-SS ther
.....lo .....rator. IxpoIlUl'e c!uratiou ven 10 W 1S alA, or the

60
'*Mce'Al7 to kiU t.he an''''•• A"1..1, "'1'. 1lTtldlaW 10 idA,

1Iin, W 24 bZ' toUcvlDc ..sinal lnjec:t.loA aid 60 111ft atter car-
r.. 1DJec:t.lon. h'cboY found tbat. caUelAe, ov1nc to 1t. CRS at.1m
U1.atoz7 ertect, at.t1at.l~decreuecJ the .,1ab111t7 of J.noad1ated .
=-3., or, 4epeDd1ng 011 the d:-.. olldld.alatered, resulted 1n DO cbanp.

'nat 841d.A1eterecl 24 bit prior to 1lTa41atloll lDc:"HRd t.he vllb1llt 1
~~S-1. owine to ita ~thenl1c eftect. Ue could o~ -conclude
;,....10 tJd.. et~ t.hat the .Chard.. ot a1c:rcNave ert.cta ~CNS tUDe-

na 1'eqQ1re, turtur 1It~. Here, the tberM1 (SO _I ) do...
-eel would r.ear:ter 41ttlcult &III concrete conc1ua10ft .. to the 1I))ec1-'
~ eft.cta ot IIlcrovaY••, ••cl~ nonpullleCl vae., which Itaaena1d.7 (11]

Prelllll&n [,,6] t.el &1". bas1calq t.ba~ ill t.beir etre~. Sov..,er,
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w ••a!J vould ~~te that DODFu1H4, tberu1, 12.6-c:a· V....
cUd U:t) u ac1ta~17 ettecf, 011 tbe CIS. .. .....: ....•....':-

.. .:. ;.-" t:". --"I.... .t.:. . .... '.:' eo,", -. .. .. ..... .. • ...

. ' .. III u 1atereatlnc article bJ' Malak., [19], tlw en.ct. of
veak, aofttberul' do... of 1JHP Oft coD41tloDe4 renael ven con-

, alde"" boa the e1;wpo1nt that. auch fl.WI 8lpt, Pla7 AD 111
port&at 1'01. 1ft act.U&1.q t.l"1aerinl :renu.,. K.I1I1khoY r..1. that.
tb1a pro~1. pnaue to tIae Jvpothed. t.hat 1JHP, or Idc:rov...
rap 11.lda, atcht. act .. "lnt lZ'Mtloa canler." ot eztrueuoJ7
"1".1. (I•• t.b8 conc1ua1oAa aDd d18cUlllo11 of t.hi. zoeport) •

._. to t.et t.1d. ·~tbill., be at.~tecS to d..,etoP coDLtttloae4nn._. to.a ".7-ea 1IIP fle14 (20 -Iail) :lll me.·'" ua1III20-~c
coDllltloD14 (UHr) dpal. AD4 15-"0 UDOOnd1t.loDe4 81p&U. Ie- .

. ' .... wre··ncorde4 olcUlop'lIphl~. !be renltl ~ t.hi. a- .·
.'~.Veft 41uppollitlal 1D thAt. nna.. to arr, vb11e d.....

aVlble, WN cbaractv1s1d 'bj' a 10111 period ot c!e"r.e1o.-ct.. iut&-
1aWtr. a II1IDn naldaa1 eff.ct, &as rap1cl ezt1Dctloa. ftl• .-
t.nDIl va obMZ'Ye4 _ Iholodo... ·L10]. vbD...UIl1•• v111 be 41lcul104
s.a .n detaU 111 tbe next _ctlon. Ma1.UhDY could onlJ conclude
t.bat nak VRr Il.leI.... of Ut.tle ..WolDtl...• (.t~atol'7) 'Yal.
to· "UM CIS pattenl. He 414 atllt.., boVftftr, t.hat. hi. Naultl.
vbUe dlllpPOlntlftl. 4e••ned tunher 1aveatll-tlon and that .,arloua
an'Ml. (speci•• DOt p"en) eM .ene .. ind1catora <-ouora) ot
1I1CZ'OV.,...rance EMF'••

%A a ..~ rec.nt u1.lc1e, IoIhek [20] de.crlbecl an lntenat.q
~l'UInt conc!ucte4 to rftla1 tb. collblrACl ett.ct. ot pu1Md 1IIr
(1.0 _/iil-, other Z'841atloll par_tel'. DOt elyeD) aa4 loDlalnc rM!
atioD (18O-kY x-r.,., 900-1' v1M»l.-bodJ do..) Oil vhite rata. Here,
tbne poupi ot .-l•• wn m-uated 4~ (2-br ezpGnre dur&t101l)
30 '.1. TIle flr8t. croup v.~ loc~ (bead O~) mediated vbl1e .
'he ••coal poup vu vho1e-boct7-lzTldlate4 b1 UHP. !be thil'd pooup
vu uecl .. a coDtZ'Ol and v.. irra41at.ed b1 z-r.,. oDll.

. fbi nnlt. ot tid. 1tUl!7 cUd DOt .how. pre] 1114 "&17 IIlcrov••
trn41atlol1 to baYl u:r protect1.... eft.ct, althDup ~Ibak. OD tM
bull ot otber atudl•• (aot cit.ed) bid t.1t It IIlght). B. toUll!, 11l
tact, that pn-tJHP ezpl)aure ..ct~ relUlt.e4 111 &.re rap14 _rial.
itJ of Z-1'~-lnl41ate4aD1.J. 1D both lI"Oupa. The nnl~al tot.

. tor localq, PN-tJHr inm1atecl an"MJ. VU 17.1 ± '.2 4.,., tor
_le-bod1-1n'.Uat.ec1 an'"'a, 11.9 t 1.0 4.,." and tor coatrol adaal.,
20.8 t 2.1 4.". !bus, decnue4 re.lltance to z-r.,. vu tobe end
product of DOD'C.beI"M1111F apoaure. to.bat att.rlbutec1 ~... nault.
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III bel" 1.C0D4 atu!)- [2I&1~ SUODl)'Y& Cout.tllUe4 'to i~8tlpt8 .

the role pl~4 b7 the ceDtral Denoaa 8J8* :l.D the motor 1IC't1V1_
O!' nbb1ta expose4 to the a.. 5O-c'Pa DIP. Beft,abe ued aUaa1atol'7
_)It lnh1blto1"1 =eurotroplc 4rup. (41buol, DOVOCa1D,' 1IIi1D&U1ie) as •
• :tboc1 ot 'better :reveal1q the De\U'al _cbaD1.. of the ocr eftec~.. .
Azabala were lrre41ate4 one br 4&117, aix~ -per weekj fOr a tIODtb. ,'. "
III Wa stud,., & 100,OOO-v/a 1'1e14 vu u.e4. Sbe tound. thai: 1Db:lb:lt<t::::".".
ot the retlcu~ t01'1llatloD (testa V1tb am1~az1ne), or el1l111nat1OD 0~
other neural p.tbva)'l (DOvoca1n) c1e1a,ec1 D4P.tDduced tat:l.pe. ID- '
lwlcement (41baaol) of eNS act1V1t)' re81l1ted In more rapid tatll'&8_ . .
Suonova thua felt thatahe baA 4emonltrft'te4 laD !)Ip effect on the cen· .
tral nerv:»wl Iyst..-m relat1ve to tt. part1clpatlOD 1n motor tunct10DS.
It 11 lnterel'tlllS that tbe resulta 01' thl••tu~ are al1D11al" to ·t~

results of aome II1crovaft exper1JaiiDt. vh1ch tn41cate a at1JlU1&tol'7
effect at .'1 on neural Itruc:tuZ'el. 'emap'i, aa 0I.1pov ausDtate4
1D 1965 ['2], a viele vave ruse ot ~IS haw & more 01" le•• ualoSOWl
effect on the central nervous system.

'!'h1a .ectiOn 'fill bZ'1etl7 'rn1ev .cme recent relearch OD the
_' MUral ettecta O1','eub-1I1crovaft.rap DIP'I aDd conatant meeaet:lc .

.".... ' tlel4a.' '1'b.11 area ot re.earcla :l.s of 1D"tereet (v1tb respect to mag·
_t:l.c f':l.ttl4a :In pvtlcu1U') b2clI1Ie 1Cho104ov L26,27], vho 1. no-I
act1ve in lD88Detlc field. reHarcb, 11 aleo act1vely interested 111
relearcb on the neure1 eftectl at m1c1"OVave-ralP QQP'. [10].

\11I118 re.earch CD .1ow-treque~ or Yel"7-1ov.trequeoc)' EMP'. '
1\81 'beeD rather 11111to! In scope U14 ClUIIDt1ty. 1t :I.. appueDt 1'rCII
the reloarcb ot PetroT [a] (1929), vbD initiated ccmprebenalw re
••arch 1n th11 area, that SOT1et 1Dterest tn the bl01og1cal eNecta
ot EMr'a baa had a-lons b18to1')'. Petro"a1ut article 111 19.52 (22)
c!amou"Grate4 a weak rmc1 WUltab1e reflex reactloD to a lov-trequency
DIP. Since then, Sazonon f • Z'elearcb' [23,24) ar:4 PleJdlanov'. l'ecent .
std,J [25] 'are tbe 0D1.)' ':lzuUcatloD o~ & cont1Ja"JSt:lOD of Petrov'l 
&pp1'O.cb.

SUODOft [2'J lDYeatlpt,e4 the DeU.r'al 1'UDctloZl ~ rabb1tca ex
posed to • SO-cpe DrI' PDerate4 1:7 ~\r"O" 10.)1 trautOl"Mnt 1:bI"ouP
~x 500-11I:I electrodes aeparatecl 'b7 1200 _. Eacb tr8D8tomer
...rate4 a 65,000-" tlelt\. fte II. ttbla~"" Del"ft (ill utvo) va
atu41e4 ua:l.ns aa araGSZ'apb1c SRu}) 1Iblch 11a4e 1t poallble to 1014
the ,&Va ot the ..li""8 vltb vellbta. 'rra1n1na prior to e1q)en.1Ieuta
tlon required ODe IDQII,tb. '!'be tle14 :luteD.lt)' raqed tZ'Oal m-1OOO .,tem.·
!e tOUJd that tho.e DIP pU'llMlt.en be.! • c1eleterioua .ftect on motor·
fuDc't1OD 8D4 that the ettect cd a 1000-.,1= tlo1~ vas more na41~ ."
IIPP&l'eDt than tb. ertect of a ~-~OO-T1CfA ne14.

I .

I

",.. .i.': 5. Neural ~ttecte e~ lev-frequency electroasaanetlc and._een_ t lc tlel4a .' "C"
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More receDt11. Plekbuov l2S] ItucUed the etfects ot c lov- . .
trequeDc7 (n5-kc) EMr OD 1NIIlan coDdJ.t1Q~d retlexes to cold, us1ag :: =.•••...
a p1et1:qlaosrath!c techD1q.ue wb1cb be ~elt vas the best approach 'be.. ' .,
c..e or its leI1l1ttY1t1. A portl:b1e 41atbel1ll1' senerater VIS used•.. :
Ie :to\D'\ that vben t1eleS 'VOlt. Vall varied trom 220-"0 m-r/m. .;:-..~;':.;-
(110..,/_ Tanat10D), a cOD41t10Ded ret'1ex ~ IlIOted vh1ch vas . . ~~H; ....(:~
attr1wtab1e cmq to the vanat101l 1n :tleld \'Olt88e. He speC".llate4.··~~ ~.!II!I_---
that tile aaec:haD1IU ot the recept10D ot this :DIP' r8ZJ&' are to be ..
t0UD4 11l the ret1D.a an4 skill receptors, the latter 'be1ns "pecitic ..
JIG' Nceptora. Bt cODclu4e4, however, that an"! 11V1D8 cella, '~"" ..
• specially MUral ceUe ot the .brain, are D(F receptors, and that
the _cbaD1all of tntracellul1r zoeCeptl0D 1I1&bt be ph)'l1cal aDd chemi
cal 1n aatul"e. The potIII1b111t1 that EX? ett.cts lII18ht be 8D8loSOWl
to veak 4oee. of 10D1~1111 l'aA1atlOD vas not discounted. !rh18 voul4 ..~.'
render tile lov-trequenc7 D4:r • =oupec1t1c at1mulua.

. . AI- 'CO tbe ,ttect. Of .8IDtt1c nel4s OIl "excttlible" and: DtUZ'al
. structures, 1t 1& DOtevo~ that Yu. A. J(bolodov [as,27). the lea41DS

80Y1et .po1ceaaD for·~a relearc1:a ettort, hu also 'been active 111 re
learch on tile D8W"al ethete ot III1cl"OVaw-raage DeF's [10J. III IIB1Q'
rupecta, 'the approach•• to 1nwst1sat1D8 the neural mechw.. 01'
....t1c 1'1e14 eNect. haft pan1le1e4 the GfPZ'O&Chel to the 1II1crova.ft
probla. lColSID et al. (28), l1ke Pre••• (1], stu41ed the beba"l1or 01'
par_eta 111 cap111a1'7 tube. exposed te? I181D8t10 nelda ot 160-180 oe.
t'nDt~ to tIlirt7 ~1Ile ::IIQ &DUl'eIIleZltl vere. ae4e betore, 60-80 dur1Dfb
IA4 20-~ after the ect10D of the I181D8t1c t1elc1l. It vas fauna. that
paNl8c1a 'PZ"etene4 the south pole of a -lI8Ht J that lIIace1;lc eft.ct.a
_1'8 sra4ual, Imc1 that U"a. ettecta lMIra1sted atter removal of the
11_14. 'Dae etrect ot .....tI0 neld vaa 1'ouD4 to 'be & 1\mctlOD. ot

~'. ttl Itzoeaetla. JCopD U4 DOt ,.a. Pl'e1llaD'a epprooch to this prob1ea,
.':' .ta that be d.14 DOt .tu~ tbe so-called electric sbock react1on. Be

~. coac1u4a4 tIlat tile .....t1~ eftect. he obaezw4 ad.sbt be extracellur..;..- 111 _tuN (t'bJa1cal 8Dll chedcal ebB.' 1Il the _41=), aDd that
~~~ Uda extrecelha.1ar~ 11I1I" .el'ft to exp1a1D. the et'teeta of
;~ ••IDCt1. OIl tbe fuDctlODa1 state ot OZ'aae IDl t1s..a. Kosa 414 .
~1 .. ·. an 41ICOUDt the poa.lb111" tbat III11D8t1c Ue:a.u JI1&bt 41rect17
;.....::. attec\ SzatreceUu],ar ·proceSI. a11:bo\181l be 414 DOt speculate oa the

. JIOIl1ble _cb.aD1_ 01' sucb etfee-ts. 1eo.1ID di4 DOt c1t.e Pre8Dl8l1'8
~ (7)- ~r 414 he At.cus. the· .~cal1e4 exe1table S"!8't(;1II ot
~01.. - .

... . Kbo1o!oY t26) n~eve4 'the re8U1tl o:t aome ot hil 11lYestissttODl
OIl t11h, ~. cd rabbtta expoaed to 1Iltel'll1ttent (50-cpa) 1Dl&D8ttc
n.elda 1"1ftC'DI 1n 1DteultJ fl"aD 1 to 1000 oe (averap, 100-300 oe).
B. tOllD4 that p1pou 414 DOt dewlop cOD41t1C' 2ec1 retlexes 1:0 lIacnet1C
nelda, ~1e nih 414•. Re felt t\at retlexes vere affected b111&1
Mtotc fte14a 'Wia the 41eJlettplralon or iUencepha11c ItruCtureS (he aleo

.. MD\10.4 tile.. 11:nlctw:ea as DIr rece-pton in his m1crovave research
.~~ [101. 110'8 eb0ve4 1II88D8t1c reacti0D8 'by rabbit bra1D' 5'~ ~ 'the time'

. . 1a intact mn." aD<! 6'~ of the t1me 1n DeUl'OJla1J.¥ 1Bo1e+'Ild semple••

.~ Jr1a~ bere vas mtlOioua to hi. 1964 m1crovave 8tU~ and, il1te1\-
.-: .s~ eDOU8b, the reS\llt. were a1m11ar in Sbov1DS a. magnetic field
~;:1fii~ be a 411..e~ st1lNlus ·ot the cent.ral nervou8 818"tem. However, the
I, .. "i~""".....'.- '"' ~.... ~~
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effecta or other ro.ctors 111 thil e~ ehou.l4 not 'be dilcOUAted
.tnce, .. 1Q1olodov -palute! ou.t, nr1able (50 epl) lD&&netlc flel4a

·vve ue4. .,

.: .' . In tM ... uvelt1s.tlon, JCbo104ov ltucUe4 'the 1IIpu1.Ie
. '..::'~ aatiY1ty ot. 23 1aolate4 -cortical DiNrou.· : Be cOU14 DOt detect crt
-' ;.' clump III tbe1Y1i~a. actlY1t)" duI'1n& exposure to ble IDlIDtttlc

tielel 'Par..ten, but cl1i DOte that. thelr I.DB1tlv1:ty to l1sht 111- _~'"""!'!"'_

cnaueel =n.ns, aDA ODe ~1.D after the actloD of the field. Wb1le (~__~_.,._;.._--
Do104D.., vas c8ll't1oul lD ~lDtllll O\lt that the INIDber of DeUrODli
atu41e4 va lDSU1't1.c1eDt to draw arJ3 concrete concluslou, be Dell-
U=ed 'that a morpbolog1cal 8I1alya18 ot gl1el ceUI eb0ve4 them to
be bl~ leu't1ve to lIapetle tleld. (be did not. speclfy vbetbor -
he meltoZlt eODltat or ver1eble flel4a). Ke suge.ted that tbe blO-
'Pblaleal meCllan1... of 1I88Mtlc tle14 eftectl Oil neural etlUcturel
Idlbt wen 'be a1ucl~te4 lrJ tracll11 the chemical ac"tlYit)" at gllal
c.11I, tbe troph.1c: tuDctloll ot W1ch 11 senerally accepted.

.. ~lo4cY p~ ~er relearcb on thil' approach.

It rill be 1uterestiq to lee how (If at Ill) HholadOv's
• ..-tlc field relearch afteeta treDl1a 11l future mlcrovaw research
In Yiew of JUI act1ve iDtereat ill the latter.

ReceDt1.)r, Cb1z1:leDkova (29], .. lf In reapoDla "to 1<b0104oY's
relearcb, l11ftstlsated "the Em ectiV1t, ot rabbits with cbroDlca1ly
1IIplaDted electrodel (eeDSlorimOWl' area of the rlBbt cerebral hall
pbere) expoee4 to 300-0. cOlUltaDt lIIapetlc nelda. ActlYi'ty betore,
dur1q, aDd atter the actl0D ot the field vea 1IIOD1tond ul1ca· siX
.'••'. 1n~ testl. Be obsened a definite stlaalato1"1 ettect of
the 1I8IDItlc fle14 eD4 sboveel that it vu DOt a 1\mct1oD of ev1tcbl~

the ttelcl On or ott. Be would DOt lpec:u1ate OD vb1cb CIS atructure
•• a speclfic receptor ot DeP'-, IID4 euaesteel that. hI.a tutun
e~s would be devoted to COIIPar1D1 upetlc ettects V1tb t!&ooe of
weak aaa.. of 10D1Z1118 ra41atlOD. Tb1s II1stlt imply that CbllbeDko"la
1s UI'I81II'e vhether mepetic ne14s haft a cpeCltic effect cm~a1
stNctures•.

In hi. molt recent cODllUD1que, Kboloc1ov [271 41sCUlle4 the
.. 'biological e.ttects of lUIDetlc nelda 1n tenlf ot apace .blolo., aDd

mecl1clDl. Be proposed 'the Wle of m.....t1c. 8Dt1ra41atloll fle14l tor
splCecraft eDC1 ~o 8tated that exper1meDte ba'ie sboVD that tluctua
t10DS 111 JU8D,etlc field lntonslt)' aborten the lifespm 01' rata, la
crelSe the humllD tllcker-fwiloD tbreabold, aDd affect the onellta
Uon ot UD1ceUular elS_. blBber plamta, Insects, mollUlka, nIb,
ad birds. Such fluctuations also atfeet the general bealtb ot people,
as reflected 111 hospltal atatlatlcs. IDcreued mepetlc fle14 In
te.it)' stll1\1latea 1COtor actiVit1, decrease. seultlVit)' to lame
It1muU. GDc1 a:rtec'ts Em actiVit)". CoD<11tloned reflexes to. a mspetlc

21



--

"

I

';

:

t. i~. .
t'

:.~..
.

.... . ~

"( ··t:

,. "./. ,,' . . .

.' '

-.-..- -:-- ,._ .

• t;,

.-*_ _._-_ __ ...-- -'- _.---_. --..- ..-_0_' ._- .~_. y_.."
I '

. I '

, I
... .. I· •.

nea CaD ~ developed 1D t1lh, but I20t '1D »1seoua 01' l'ab'b1'ta
(4eap1te the alleged eftecta ot .""'lc 11e14l OD tbe tClr=r).
1I\J1dD v1aua1 1m.. are altered 4ur1q e~.ure to a mapet1c
tleld UDder the 1Dt1ueuce ot ~.1.~ ('ue' th•. Uacua.1ou at the
.4 of tb1. report) ad _IC~DI. Iboloc!DY reat.ted hi•. bellet
tlsat .-tic nelda pr1lDar117 aftect sl1al .cella. .. renecte4
in 1DcUY14ual neuron ..ctiv1ty (pemapl be v.. reterr1q to hi.
19651ea.areb. alth:n:sb be 414 DOt c1te ~ t'Ubl1eat1ona 111 thie
~). Ie alao It.ated that. "..apet1c&u')' ueate4 vater baa a
blo1oS1cal etrect," altbOUCb be 414 not 41ac:uaa 'the mecbaD1sma
or patbVqII Cit tb18 ~epd phellQlenOD.

ID central, it vould 4lIpear trcas Kbo~v'. atatemeDts and
ft••arcb that the ettecta ot lOv-tl'e9,ueDC7 EKP". 8Acl1UlDflt,1c
11.148 (eapeclall)' intendtteDt 0•• ) bave a 41rect ettect 011 =ural
atruC'tuttl, em\ that thee. etrcct. ~ .1JII11ar to thole produced by .

.~ ao.atbei'lllal alcrovave intens1t1el. It rill be extremel11DureatlD&
"ito ".e. whether Kholod.ov'a Y1ev that the el1ellcepha101:l a4 8l1al' cella" ,
en .pecif1c Q.Ir _4 MP receptors rill be borDe oat 'b7 Mure SO'V1et
.re.earc1:l.
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Sov1et CODCem tor the actual ette~t r4 II1cl"OVa'V'e-hDp mar'l
OIl .Me baa 'beeD DO leII Ute.e thu their tbeo1"8t1eal 1zlterelt
"~ U.ee n.l4a. Moreover, tb11 z0ep01"t vU1 .hov "that the lut two
J8U"1 (8.,.c1&1111966) have ~el4e4 a ~!.e !Dere... la'the ,,"
'VOlume Of .atertal devote4 to the tber&;leUtlc, cllD1cal, .4. .. :: .
• 1l'8cla1l,. ~s1.D1c capecta ot 1:uIaD exposure to m1cl"OVave. tm4
eYeD .apetlc eD4 electric tlel4a. PreseDtl,J, the chie1' a-poke,••
for 11)'&1e. 1. Yu. A. Ol1pov ('2].

""

.' OtbeZ'V1le, IDaUer u4 11I01"8 'l10late4 sroUPI an IlM'r8d1e.il17
act1ve lD thl1 tleld. AtllDel1lbVil1 [30], tor esemple, compan4 :.:'
the etteetf: ot vanOUl 'PbJI10tbera'PNtle llroce4ure1 OD humID 1IQtor ",
relpoJise to lllbt. 'lbe eftectl 01' UIIP, d1a1.bel'll)', aDd p1De b~tba,.
were 1D'ftltllate4. JIO lJBP ra41attcna panmotenl vere 4eacn.he4. A'_
total of 71 patleDtI vttb lastno di.orderl va eX_1De4, 41 01' .,",
vbOII received UIIP theraw. AtaeltabY111 t~ that tJIIlI' atl11N1ate4 ",' "

,. .ator reactl0D8 ln the .aJ0rlty 01' cuel. However, he obt&1Jlet1' .'
bUlcall,. the ... results t'1"OII 41athenq eA4 bath procedure.,
reD4erS.D8 erq oODClua1cma as to thl apecUlO eftecta ot tJRP OD tlle .. ''''-:
central DerYOUl a7lteID doubtful. Be c=clud.e4 ~t all t.br'ee ,~
ce4uree altereel the 1\DactlouJ. .tate of the CftS, vb1cb UDdoubte41)'
plqa a ~D8Dt role tn the ;oa1tlw ettecta ot tIleraw•.

AI repr4a tbe b,.&1eD1c UplCtl of bUII8D exposure to micro-
vavel, 1~ IhO\ll4 be DOted that this area of concerD 11 of 1Dtere,t
to both the 1dlltary ac1 c1nl1an CQWIn1~lel. The 80Y1eto 1I111tal'7
M41cal semee 11.. plqed lID active role ia Ulelatae h7I1a1c
coD41t1oDl u4the .tate or v,)l"kere exp6le4 to radar t1el4a•.
1CaV1~meDkO ["] cODductecl a cl1ll1cal 1Dv".tlpUon OIl 100 JOUDI
lI111tU"J penODDll (66' c~",e4 to rl4ar, ,.. cOAt.l'Ol). UBP tielela
vue ae_rated. by uc!.'..tor l'DCl cel1t1meter ..aerators. Be cUd DOt
prcn14e arq 4oa1Jllet1"7 data.

.. 1Ca'()1taDe*o .:onclu4ec1 that the Dervoul IJS~ Val the tint (
811te11 to react t.o UIP, ad that the levent,. of 'neurolog1cal 411- ~--

orden vas • 1\mctlOD ot field 1Dteult)' a4 c1uratlon or expost.tre.
MtheJl1a Val • prCIII1aat DeUI'Oloa1cal.~ 01' the 4eletel'1oua

. eftect ot UBP. Car410vuwlar 41lord.erl, also oblened, vere DOt. , (
abarpl)' 'Pl'OllO\mce4 and were .1Udpd t·o 'ba reveralble. Jlo spec1fic -:..- _
~r~,. tor UIIP IJlDpteu 11 DOW, although poslt.l"le reaultl have
beeA obtall1Ccl tZ'Olll: 1) intravenous 1a,.1ect1on ot • ~,sluco.e,
" aaco1"'bic acid 10lutlOD (dose aDd trequeaC)' at ac1mlD1atrat1ora
DOt S1veD); 2) .1tr:tehD1ne aDd sec:ur1n1Ae lolut1011 (401e a4 14-
1I11datrattOD details DOt glven)J " st.ueDC (no 4et.a1la linn);
aDd a.) 0.005 a ot 'albuol three t1mea per c1~.
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To establilh expoaure IlOl"IDI, Jl'ukalova expoled 8DbIala to: lI.-,
sa-, ad. 69.7-11C tiel"" (5000 "11m) ad. tound that aA1eA1a u'tbI
ultruhort-vaft r&D68 vere k1lle4 vltJdD 5 1D1D, vb11e 1 bl" ~.a.o Id.a
v.. l"eq\Z1re4 tor claatlt. 1a the sbol"tvaw riel!. mae rOUDd the DOll- .
tbel'lDal tbnlbo14 1atelUl1t)! (DO lDCftU. la bo51 'temperatUft) 'fOr
ultrullort. vafta vall 150 ..,7- 1114 for abort vave., 2250 "1/•• CbrQId.c
(duratlOD DOt qftlrl.4) expGlUft to the... lateD11tle. cauaela c1e-
en... 1D ""','1. obloDlsta chol1.at.ru. 8CtlV1t)' IIOl"e rapl41r 41&1'1.
uponre to ultruhort waves tUD dw:'1D& uponre to abort vawI.
BZ'a1D bl0p0teat1ala ven c1epre'Ie4. AD ultruhort-vaft 1Iltcll~' of
10 .,,/. a4 a .bol'tV&m! 1Dteult1 or 50 .,/,. wen tOUDCl to be -tlirelb014
lZT1tlUlt••-". 111 U>baova's atucl1 (Tl, _ ultruhort-vave UteDllt 1
Of 150 "II. v.. nft1c1~ to c... th1cteD1D1 or neural flbera, pro
top1un1c 81IeWD& 8D4 v&C\lol1z.e,tlO1l 111 the tbal~bypot.ba1"carea
ad medulla ob1oc&ata, 8D4 local kar,yocyto17s11 of ln41V14ual aeur=a.
8113:'1:..1112& or occealonal cortical wrD14 ceUs GD4 De\U'OIl vacuole.
vea al80 DOted. On the baa18 ot 'the•• data, pemll.1ble bUIuD eX- l
pol\ll"e lntenaltfe. (duratlon of ~1Ul'e DOt s1wa) were ••t at 5 "'/tA
ror ultruhorl,-va'ft f1e148 cd 20 vIa tor shortwave t1e148 •
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!he 80"11et 1I111t8Z"7 mo41cal lemee repria the MUral aDcl
other ettecta ot m1c1'OVaft-l"8ZI&e ma'. DO le••••rtoua17 thaD the
c1Y1l1u COW'l:a't,.. Protelaor I. R. Petl'o'V' (36), .. MaJor ce=ra1
ill~ ..ucal aemee 8Dl1 _bel" of tU Aca4ela1 ot Ne41cal Sc1ccea
USSR, COACN.n 'Vitla tU nndtnp ot tJ:ae cinU. cc mtt7 in tb~ .',
1dcZ'OVaw-t1.14 1ateult7 ereatel" thaD 10 _/=2 cODatttutes a t.bermal '
buaZ'd, &ad. tbat ID1crovave-r8DP DCPt. cUrect.l~ affect the b\III7AA CBS.

Paaov t~7] 1D a neat article DOt 01111 aareea tbat III1crovave
nz:aa. IMP', cl1n.ctl1 attect buMD De'UZ'al proeea.e.,~ clusl:'1e.
the•• eftect. Into three 1'-.1l1ar.~: 1) the DeVu1ObeD1c 1111
dzoae (rewnlble), .bulatoZ'1 tnataeDt lD41cateclJ 2) au~c
vacotoDlc dJatOD1a (OCCU10U,11,. .table IDCl lrrevenlb1e)~ bed relt
Il1ll1cate4; 8Dll 3) the 41eDcephal1c .yD4roaae (Y1lceral cl1at\mct10D,
Ia7Ptraca.1a, bnak1••ia, 1.teDt or overt hnotba180-1l1PO~e&l
I4nu1 depre••10A, depre••eel aemal ez:d tood retlexea). D1eDcepballC
ebaapa are DOt. &lv. revers1ble UI4 'bed r ••t. 18 "'1D41eate.1•

..., tb1. a.ctlOD t'etlects the nnantcd,t,. ot the 8met
clYll1_ -. 1I111t~ c.".'nSt1e., Wicb 1'e~l that. m1crovaft-r~
DCP'a (above 10 _/cia2) CODatltut. aD occup&tiODll buar4 a4 t.bat
the.e tte14a artect the aa.an cezatral nervous d18tea. BODe 01' the
cl1D1cal ob""at1oaa cUacua.e4 1D till•.aectloD VOU14 teD4 to auppol't
tM 1"1D41D11 ot aucb nHuc!aen .. Preama, 1Qlo104oY, ~D8k11, &D4
othen. _0 teel tbat a1Cl"OVavel exert a lpec11'1c or DODthermal effect
on ~a1 ItructureD.

Prell the tONI01DI Mter1a1. little 40ubt c. nrae.tD that the
1UJOl'1t7 Of tile exteml1ft SOrie' CCl!IWmi t7 eoacene4 '11th tb.e bio
1oIlc~ ettecta of DIFII (d Mr'.) are ot :tJae op1D1OA that the.e
fle148. eapec1aU11A 1:he IliCl"OVaft nap. 41nctlJ attect DeU1"al
a\ftctuna u4 tJlat ~a1 atnctvea (elptcla1l7 the CIS) a:re t!ut
IIOet a..1tlve to II1cJ:'OV&ft-lWI88 UO'I.. ClB emcte haft 'baeD abe
..ne4 • • nlu1t ot expoau.re to both DODtbe1'llal a4 thetD8l 111
teDa1t1... ot palIe4 IIDll DOJIP'llae4 IItcfOV&ftS. The I'!tMazodl ot the
1IS.11tal7 aD4 c1Y11111D c....,n~tle. bu beeD 1az'p17 ;araUel. '1'I1ere
1. la.e nceat n14eDce .tbat pure~ III&D8t1C aD4 electnc tield.a
c. 'be 1Dclucle4 .. Il1cZ'OV&'ft-JJ.ke CRS at1Ju11.

. At tlIe present t1me,' Smet opWOD boJ41 ~at Da"a: 1) an'ect
the Itn&ctur, eD4 diem1cal react1"f1t~ of DeUJ'al cella (Pre.lDleD
[5,6,8), Do1octov (10,26,27), JClmeDlk1r (U], '1'o1c*~a [~l, .
UVIIblta [1,2], aa4'!A'bMOft (1] ad other., '2) th~ thr.l., iIlsO
&trect U. IIOlecular atr\acture ~ neural atntctu.re. ~ Y1rtue ot
I'elOUDt or ~r e.b.orptiOD (PreIUD [s,6h ad ,) that the ott~'
or lMP'a are qual1tatlvel1' ualesoua tor a Vide b'equency raage
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(100-30,000 kc) aDd that. DOJXtbemal eftect. may. 112 fact. be of a (
"lI1c~rma1· DAture 111 tbe ab.eDCe at lIOn concrete eT14eZICe to '-----
tM CODtr~ (oe1pov ['2] aDd ,"IUD [6».

~ nlat1oz»b1p betveeD 0I11'OY [32] a4 PreD14 (6] Ibou14
be _Dt10De4 linee the" 11 a allpt 41UCNement. betvea tbe tvo
nlat1:ve to the DOD'tbenal ertectl of aicrov..,..,_ 0I1poT, lIbllt '84.
w1t.t.1DC t.bere 1, n14eDce that. II1C1"CNavea bll'ft a 'blological, ... . .:-
e.ptCl~ a DeUral .ttect at. t~e14 1Dteu1t.le. w1ch do DOt ,zodIace "... ,
-,erceptlble the~8I1c ehu:p., t ..1a that it 1. exper1JleDt.a1l7 .
1IIp0111ble to d.enIoDatrate a lpect.t1c, e.I., lI07Jthemu, II1crov&,.
eftect.'b7 COlllPar1D& that. allcp4 effect. with a thenaoc1U1va1eDt. COIl
VOl. Se "MODI that '1DC. b1010&leal ob"ect. are electr1cal1y
beteZ"OleDeO\l8 aD4 a1Dce m1crovave-rap DIr'. bava a~ lelect.l.,.·
*ma1 ettect. OIl var10u t.llauel ad 01'1", a 41ftenllc. bttt.veea a
ce&'OVan ertect aDd a DfNtr'al !:.eat ettect 1. DOt Mcn.Cll"11)' 4ue to
_ tmJuaoa extrat.llel"llal factor, ~ II1pt'vell be & twact10D of III
\IMftD 41atnbutt= ot be.t. 1D tbe orpai•• vIlleb could. ezert it. OVD
pecul1azo eUect.. TIle .c1t1c w:t.SOD fit • II1cl'OVaw IMP, ill 0I1poy'.
Yin, s~4~ "De UD4e~t.occl .. a ~t.rab1e traDIter of !Ml'
eaers:r 11ltO DODtheJ'll&1 eDel'&Y. Ie tberetore f ..18 that the II. ..
al1epd "DOD'thel"llal" II1crovawetteet. accepte4 b7 ?ft... 11&1 veU
be "..1.erotMnaal" erteeta 111 'the ableace ot eODChl.S.ve ezperiMat.al
evS.4cce t.o the cOlltra;t7. -,

Pre••, OIl t.he other hID4, 1. DON 1DcUM4 to belle.,. that
lI'a 1I1e1'OVaw DCr 4oe. DOt. nlUlt. 1D 81:11 perceptlble tt:llpClratw'e
ahUU 1D _ OI'lW., ~Il 1111 ehlDP ill 1t.1 behaVior, 1UDct10Sl,
or .tructure CGD be at.tr1bute4 1:0 the DODthemallMtCba1_ of tile.
1Mr, eveD it It 1. expeZ1.lleDta117 1IrpO••lble ~o .4eIDoutrate tbat .
tbel'llOPZd.c u4 moathenlOPldc EICr 1Ilt.eult.le. eacb 11ft ri•• u·
c11ttereDt react.1ou. IA Ibort, m ... t ..~ that. tbeN 1• .-ple
e'I14e1lce or tbe =atberu1 ettect. ot II1crovave-rlDP acre 'bJ ~1"tUtI

of all ab.ol~ temperature el'1tel'1011 vb1le Ol1poy teell tliat, '*118
DOr.1:bel'll&1 ettecta are ent1re17 ~'1b1e, tbe7 ba'ftDOt U Jet lIeeD
.. vell aubltatiat.e4 pbp101oc1ealJ.)' .. themal errecta.

Par treID eati., SoY1et re,ftarc:h efforts ill tbtl erea ahOIf
....1')' 1Dd1eat.101l ~ eOlltll1lill& at. their ~reaellt ~ac. or eveD be
WDl1t)'1D1, .. retlected. 1D the neat larse reView articles,
cb.1et11 'b7 PreSIiD 8D4 OslpcN. '~." l ..t coaprebeD81ft nnw,
l1ke 08ipoy-., val PlbUabe4 lD the lut. balf of 1965. At. t.be time
or that vr1t1D8, be eatiaate4 th~ approxlllateq 1000 work•. be4 'beeD
pa'bl1lhe4 011 the b101ol1cal 1D4 _41eal aapeet. of II1cZ'OVaft-r8IIPEMP-.. That renew, UD11te ~. pre'f'1Od OMS, cODeeDtrate4 beaTl17
OIl the possible mec:b8D1s.. of DIP b1oloSlcal effecta. MQ.t. ot tbe
l"ecent article. 41lcusse4 1D the 19G5 renew ~re clte4 by b1II ..
eY1c1eDce ot thermal, a, DOlt 1Dterest1J2g, DODthermal or .pec!.t1c
ertects ot D!r-.. '.&.beretore, it vou.1cl J2O't 'be iQpnacleDt to expect
that more atteDtloD V1U be pa.14 to the bloph)'S1eal meehaD181D1 ot DOD
tbel'lllal m-IP aeural ettects thaD hu beeD iD the past, altbousta at
the pre8eDt time, there 18 Ut.tle eV1d.eDce to support this expectation.
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'What the ~.e 18 ot Reb 1Irten.se zseura.]]7 or1ente4 research
la the realm ot IdcrovaTes,1:I7 SOY1et theoret1c1a:. aDd praetlt10D11'8
11 DOt ezst1re17 clear to Ws' ob..ner. 1Jb1le o.lpoY ['2) ,tate. .~.:'
that thermaJ. int..naltle. are eDCOWltere4 mch lee. ~ent17=4er' ,.;'.. '~ ..
izdu.t.r141 cOD41~1oDa CV1D& to 1JIp1'Oft4 b1S1a11c J)zoact1e., cll~c&1 .,'''1' ~: .

~t.1OD. ot t.h: ~t=t1al hUU'l1l ot nontherul tnten.1tie. ~OD.

ttwe at a stea4y pace tea,lte hia ttlt017 f'.hat· 10-caU64 nonth6:Ml •
ettectl a10t well be -Id.crotheraal".
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Pre..- (6] speculate. that a1crovavei CIA 'be 4evelope4 lDto
a valuable tonl tor •..,aluatlua tbe phy.lcal, chelP1cal, and, ••peClal.ly,
IIOlee:tl1ar propert1•• o~ tissues. '1'be t1Mrapwt1c usea ot a1crova.,.. .
have 'beeA w11 .ltabUshed. COI.w14er1A& ~be npleS. davelOPMAt ot .'
1aIer tectmolol:1, It .eeIII lOl1cll1 to expect that Smet 'theont1ctlDl. ':.~r '.... i '
n ••archenl, aael b,l1en1at.. V1U aoon 'turD their attent,1ou t.o tbe'blo- . -:'.":7' ,::'; '1
1OI1c&1, uel perba~ e"'A.DIUft1, ett.~s of thl' tactor.· 'fbe SO"f1K: '." .
U. ot luera tor oc:u1ar 1UZ'P17 1, a1req ....U kDoVD (Ke:JJaholtK' XA- ' ." .
Itltute or I,e Me.u.a). ReceDt17, the ttl'llt Sonet npon to CCM .' .~,,~"-:'
to tbe attaDtloll ot t.b11 o'b••:wzo CD the b1olol1cal ettect. fit Z'Ub7 '.,. i
1uer n41at1OD vas Plbl1~. OOrocset.lk17 ot ale ("2) 4e.c1"1'becl I
upe~_Qta de81szaecl ~ atucly tile luer abaorptlOD cIlaracterilUcs f
or b1oocl, ok1D, luac:" ttl..,., a4 ftZ"t0t1l other u1ID&1 orPD8 aM j
tissue.. 110 DeUn1 structure. weN .eD't,lODet!, DOl' ba4 ~ of the ~

_thora' D_. ever been IlOted In C01mectioD vS.tb ll1erova..,.,-oriente4 I

bi010Clc.&1 re.earch. It ae.. reuoaabl. to .-pecu1&te, hovner, t.bat t
the valuab1.e experieDce ~ere4 b7 II1crwaft naaarchen VQl14 rea411, •

1eD41:::==.ftlaU,.. to tb8 poel1b1e l'IlI1f1cat10Da II'

ot II1cl'OVIft n ••arcb 1. 't.lae neftt ....mc-.t [ItO) that. • 1Ptc1a.1
~1DfOntatlODotaeet10Dbu bfoeD~~t~ UDSer tile "S1~!:..~~..._ '
.....cov 1So&l'Cl tile 8cl'Dt.lt1c·A~c... SOClet)' ot J\e41~...., •
S-Id. A. S. PopcT. '11ut pa.I"pOH ot tb11 ••ction 1. to~ pen- "1-..
JlJ'ddc phe...., It II CQlPe4 or n41oeqlDlen. tec!aDo1ol1lt.,
!aJpDotl.t., ...ucal 40ct0re, blolost.ta, ftD4 ~loloc1.t.a, lDC1u4-
f.D& A. s. Pren&D, 1\1. I. lCaleuJd7, aD4 1"11. A. Xbo104A:w, the three J
1ee41118 SOY1et. .potelllft tor tbe DOIltbenaal effects Of alCl"OV8ft1 ,. • J
(8D4 II88IWtlc f'1elda) 011 DeUra1 ItftctureS. '1'b11 SZ'O'IP be14 ita . ,:' ~
t1nt. ..tine 011 11 Oct.o'ber 196' to 41lcuas -sa- Problna of Pva-', '.. l
PlJCbQloU. W 'l'be aeet.1OD V1U pz'OCee4 to 8D&1.Jze the vor14 11~ra- '~
tu.... CD par&l'l,cb1~ 'PbeDCMD., to neord aDd. clul1t7 obeernable t

c.... ot -1»ODt.ADeOU.Iw telepatbJ, aIKl act.wl1 17 coD4uct uper1aeDta •
4ea11q vitia natura1l7 zoepro4uclb1e teJ.epatbtc v!leDOlDeDa. PrOte••OI' I
aDll Doctor ot ~ecbD1cal ScteDce. I. M. KOCaD. Cb.I1I'WaA ot thl. !llOiD- ','
tOZl!atlOD Sec:t1on, .tated 1D tbe II!mQmC_ut that.# -:be on of sell
latlOD coacel"D1DC te1epaWc pbenaDeQ& la OYer. ~re 1. CO Dee4 to
cl1apate 1ta eXl.teDce, but ratber & DH4 to tnwlt1pte its aature.1!'
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81Dce tM lD1~la1 "DDOmt'ntI:t of tit. OI'PD1latlOD of tb1.
Mc:U0Il 1Il ••1J 1966, 0L17 ODe lI4cU.Uo-.1 't"t of 1DtOZ'MtlOD -
c-. to 'tIae at~IOD Of tbta O'-Inv CGDC.Z':11DI tbe 1ICtu&1 f\mc- .. .,.,',
UCID of tat HCtlOA (!alJ. !Ill...tanea DIV~r artlcl. PI~ . ,::,.,;,,~;:.~

111b14 011 9 october 1966 ..UODI tba t ..U.~ D-. Of 1'11. %. ~:
lk:1,u • tJVtlclpa= lD • ~1epat1I1e ..rUnt .alpe4 to c'.1tt,r
_tlate 'the .tt,eta ~ a DO~ d lQl=Otlc at.at.e OIl MDta1
.....tlOD.
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